8o                          PRELIMINARY.
system consist of two balls of soft iron, in any locality of the earth's surface, their mutual action will be partly gravitation, and partly due to the magnetism induced in them by terrestrial magnetic force. The portion of the potential energy depending on the latter cause, will be a function of the distance between their centres and the inclination of this line to the direction of the terrestrial magnetic force.
247.    In nature the hypothetical condition of § 243 is apparently violated in all circumstances of motion.   A material system can never be brought through any returning cycle of motion without spending more work against the mutual forces of its parts than is gained from these forces, because no relative motion can take place without meeting with frictional or other forms of resistance; among which are included (r) mutual friction between solids sliding upon one another; (2) resistances due to the viscosity of fluids, or imperfect elasticity of solids; (3) resistances due to the induction of electric currents;  (4) resistances due to varying magnetization under the influence of imperfect magnetic retentiveness.    No motion in nature can take place without meeting resistance due to some, if not to all, of these influences.    It is. matter of everyday experience that friction and imperfect elasticity of solids impede the action of all artificial mechanisms; and that even when bodies are detached, and left to move freely in the air, as falling bodies, or as projectiles^ they expe rience resistance owing to the viscosity of the air.
The greater masses, planets and comets, moving in a less resisting medium, show less indications of resistance1. Indeed it cannot be said that observation upon any.one of these bodies, with the possible exception of Encke's cornet, has demonstrated resistance. But the analogies of nature, and the ascertained facts of physical science, forbid us to doubt that every one of them, every star, and every body of any kind moving in any part of space, has its relative motion impeded by the pair, gas, vapour, medium, or whatever we choose to call the substance occupying the space immediately round it; just as the motion of a rifle-bullet is impeded by the resistance of the air.
248.   There are also indirect resistances, owing to friction impeding the tidal motions, on all bodies which, like the earth, have portions of their free surfaces covered by liquid, which, as long as these bodies move relatively to neighbouring bodies, must keep drawing off energy from their relative motions.    Thus, if we consider, in the first place, the action of the moon alone, on the earth with its oceans, lakes, and rivers, we perceive that it must tend to equalize the periods of-the earth's rotation about its axis, and of the revolution of the two bodies about their centre of inertia; because as long as these periods differ, the tidal action of the earth's surface must keep subtracting energy from their motions.   To view the subject more in detail, and, at the same time, to avoid unnecessary complications, let us suppose the
* Newton, Prindpia. (Remarks on the first law of morion.) ' Majora autem Planetarum et Cometarum corpora motus suos et progressives et circulares, in spatiia minus resistentibus factos, conservant diutius.'